The objective of this article is to detail the treatment for papillary thyroid microcarcinoma (PTMC). The literature presents only few contributions, with controversial results, about comparison between 'active surveillance' and surgery. Hemithyroidectomy is the treatment of choice for PTMC. Thyroidectomy is indicated in cases of multifocality, extrathyroid tumor growth, and familial PTMCs. Active surveillance can only be done under well-defined and controlled conditions. Collected findings and agreements with the patient must be precisely documented, also for medico-legal reasons. An observation of PTMC seems most appropriate for patients >60 years of age. In the case of observation of a PTMC, a lifelong examination of the tumor disease must be carried out, since tumor growth or metastases can still occur after 10-15 years. The follow-up periods for the 'active surveillance' proposed from the literature review are too short to conclude this as a real alternative.
In view of the increasing numbers of cases, especially of PTMC, the working group of Ito and colleagues (5) published in 2003 the results of an observational study of patients with non-surgically treated PTMC from Japan ( Table 1) . Between 1993 and 2001, a PTMC was confirmed in 732 patients by sonography and fine needle aspiration (FNA) cytology (5) . These patients were given an 'active surveillance,' i.e., a well-defined follow-up instead of surgery offered. The 162 patients (22.1%) agreed with this approach. During the observation phase, a tumor progression was detected in 30% in the form of primary tumor growth or cervicolateral lymph node (LN) metastasis. Sixty-five patients from the observation group and 570 patients who wished primarily for surgery were operated on (44% thyroidectomies, 56% partial thyroid resections). A central LN dissection was performed in 94.9% of the operated, a lateral lymphadenectomy in 50.7%. In 50.5% of the patients histological LN metastases and in 42.8% multifocal carcinomas were detected. In 5 patients there was an infiltration of the trachea, which was partially resected. The average tumor diameter was 0.7 cm. After 8 years, 5.0% of patients experienced tumor recurrence ( Table 1) .
A recent Korean study describes a tumor progression in 14% of 192 patients with a median tumor diameter of 5.5 mm within an observation period of 30 months (6) . In detail, the 192 patients diagnosed with PTMC under active surveillance for >1 year were included in a median 30-month follow-up. Changes in tumor size were evaluated not only using the maximal tumor diameter but also the tumor volume. The median age of patients was 51.3 111 https://jes-online. .5-60* ----PTMC = papillary thyroid microcarcinoma; LN = lymph node. *The age decade-specific disease progression rates at 10 years of active surveillance were 36.9% (20s), 13.5% (30s), 14.5% (40s), 5.6% (50s), 6.6% (60s), and 3.5% (70s); the respective lifetime disease progression probabilities were 60.3%, 37.1%, 27.3%, 14.9%, 9.9% and 3.5% according to the age at presentation; † Operation due to tumor progression or patient request.
years and 145 patients (76%) were female (6) . The median initial maximal tumor diameter and tumor volume were 5.5 mm and 48.8 mm 3 , respectively. The Authors also found that the change in tumor volume was more sensitive to detect tumor progression than the change in the maximal tumor diameter: the tumor size increased in 27 patients (14%); 23 patients showed a tumor volume increase >50% without a maximal diameter increase of ≥3 mm (6) . The other 4 patients had both an increasing tumor volume and increasing maximal tumor diameter ≥3 mm. Some PTMCs could grow significantly after a relatively short period of active surveillance: one patient (0.5%) had newly appeared cervical LN metastasis at 3 years after the initial diagnosis. There were no significant risk factors associated with increased tumor size, such as age, sex, or Hashimoto thyroiditis. Twenty-four patients (13%) underwent delayed thyroid surgery at a median of 31.2 months and seven (29%) had cervical LN metastasis on pathologic examination.
The first American study on active surveillance was published in 2017 by Tuttle et al. (7) published. Cohort study of 291 patients undergoing active surveillance for low-risk PTMC with serial tumor measurements via ultrasonography (US) at a tertiary referral center in the United States. The cumulative incidence, rate, and magnitude of the change in tumor diameter or volume, as well as associations with patient and tumor characteristics were measured. Of the 291 patients, 219 (75.3%) were women; mean (±standard deviation) age was 52 (±15) years. During a median (range) active surveillance of 25 (6-166) months, growth in tumor diameter of 3 mm or more was observed in 11 of 291 (3.8%) patients, with a cumulative incidence of 2.5% (2 years) and 12.1% (5 years =0.75; range, 0.42-0.99). The authors concluded that the rates of tumor growth during active surveillance in a USA cohort with papillary thyroid carcinomas (PTCs) measuring 1.5 cm or less were low. Serial measurement of tumor volumes may facilitate early identification of tumors that will continue to grow and thereby inform the timing of surveillance imaging and therapeutic interventions (7) .
AVERAGE AGE AT FIRST DIAGNOSIS
We do not know the natural history of PTMC. Some medical definitions remain the same for many years, others change due to the progress in the diagnostic tools, which are able to distinguish markers and symptoms until then undetectable. Occult thyroid carcinoma is a general term indicating clinically different situations, whereas the incidentally detected PTMC is the most important from the clinical point of view. It is fundamental, for therapeutic management, to determine biological parameters which would define a small group of PTMC with aggressive biological behaviour.
PTMC is a prominent malignancy originating from follicular cells. This disease generally shows an indolent character, but patients demonstrating certain clinicopathological features have a dire prognosis.
Initial indications of a possibly "indolent character" of PTMC were found in autopsy studies (8) .
Occult PTC is a much more common pathology than clinically evident thyroid cancer. Autopsy studies have shown that occult PTC present in 1%-36% of patients (8, 9 ).
Lang and colleagues (8) published in 1988 an investigation of 1.020 thyroid glands of people who had died due to non-thyroid-specific diseases. At 6.6% PTMC with a diameter between 0.4 and 10.5 mm were detected as incidental findings. Sixty-six out of 67 cases were papillary carcinomas and one was medullary carcinoma. The average age was 60.0 for men and 62.0 for women (8) . The 8.6% PTMC of the thyroid gland was detected in an Austrian study with an average tumor diameter of 4.9 mm (9). The average age of these 118 patients was 67.7 years (9).
Occult/autopsy PTC appears to have no sex predilection as opposed to the clinically evident PTC, which develops more commonly in females.
Furthermore, the current study confirms that PTMC is common, but the observed increasing incidence is not mirrored by prevalence within autopsy studies and, therefore, is unlikely to reflect a true population-level increase in tumorigenesis. This strongly suggests that the current increasing incidence of PTMC most likely reflects diagnostic detection increasing over time.
The average age at first diagnosis of a PTMC is usually between the 45th and 50th year of life, not infrequently, however, these tumors are already detected from the age of 20 years (10).
PTMCs of the young patients were significantly more progressive than those of middle-aged or old patients.
In children and adolescents, but also in young adults, in the majority of cases a pronounced lymphogenous and sometimes haematogenous metastasis is found already at the time of diagnosis (10).
PTMC shows increased growth potential in younger patients (11) . An increased growth potential of PTMC in younger patients was shown by another observational study by Ito et al. (11) with 1,235 patients. A size progression was reported among under-40s with a PTMC under observation, over 10 years, in 12.1% of patients vs. 4.0% in over-60s (11) . In 16.1% of patients <40 years, LN metastases occurred in contrast to only 0.5% of patients ≥60 years. In a multivariate analysis, age <40 years and tumor size ≥9 mm correlated significantly with tumor progression (11) . The average follow-up period of this study was 75 months (1 to 246 months). Only 27 of 1,235 patients had their first long-term results after 15 years and showed tumor growth (>3 mm) in 50% of under-40 patients, in about 35% tumor size 12 mm and in 30% lymphoid metastasis (11) . However, due to the low number of cases, these results must be evaluated with caution and the long-term results must be awaited.
The apparent slower progression of tumors in older patients is consistent with the autopsy studies, which looked primarily at people >60 years of age (12, 13) .
Finally, a study evaluated the influence of age on the phenotypical expression of PTMC have hitherto compared PTMC presentation either between pre-pubertal and pubertal children or between pediatric patients and aged adults (14) . The authors ascertain whether presentation of PTMC may significantly vary according to age, even within a peculiar study population covering only young patients aged less than 30 years. The main clinical, biochemical and pathologic data at PTMC diagnosis were retrospectively recorded in 2 selected cohorts including, respectively, 18 children and adolescents aged less than 18 years (group A) or 45 young adults aged between 20 and 29.8 years (group B) (14) . The statistical distribution of differentiated thyroid carcinoma (DTC) cases in the different age ranges was found to progressively increase with increasing age; furthermore, the patients of group A exhibited at diagnosis a more severe clinical involvement and a higher rate of extra-regional metastases; finally, also the association with both autoimmune thyroid diseases (AITDs) and a biochemical hypothyroid pattern was more common in group A patients. In a study population younger than 30 years: 1) the risk of developing DTC increases with age, achieving its zenith during the 3rd decade of life; 2) clinical presentation is more severe in children and adolescents younger than 18 years than in the patients aged between 20 and 30; 3) in the cohort of children and adolescents DTC is more often associated with AITDs, which might play some role in conditioning the more aggressive phenotypical presentation of DTC in this patient group (14) .
DIAGNOSIS
For the detection of a PTMC a meticulous sonographic examination of the thyroid gland is of crucial importance. In addition to the size of the nodule, this should also contain information about inhomogeneities of the parenchyma, an edge blurring, hypervascularization and microcalcifications.
A study investigated time-dependent changes in calcification patterns and tumor vascularity on US to clarify the natural course of PTMC. Authors examined calcification patterns and tumor vascularity for 480 lesions in 384 patients. Calcification patterns were classified as: none (A); micro (B); macro (C); or rim (D). Tumor vascularity was classified as rich or poor via color Doppler US. After a mean of 6.8 years of observation, 29 lesions (6.0%) had increased in size. Mean age for initial calcification pattern was 52.1 years for A (n=135), 54.2 years for B (n=235), 56.3 years for C (n=96), and 60.1 years for D (n=14), and the incidence rates of tumor enlargement were 9.6%, 5.5%, 3.2%, and 0%, respectively. The cumulative rate of upgrade in calcification pattern was 51.8% at 10 years. Lesions with initially rich vascularity (n=70) had significantly higher rate of tumor enlargement than those with poor vascularity (n=410); however, the majority of tumor (61.4%) with initially rich vascularity had decreased their blood supply during the follow-up. Multivariate analysis showed that strong calcification (C or D) and poor vascularity at last examination correlated significantly with non-progressive disease (15) .
In addition to these already established criteria, Miyauchi (15) additionally nicely recommends an exact description of the carcinoma location in relation to capsule and the trachea (Fig. 1) .
Preoperative LN mapping helps in planning surgery for neck dissection and improves patient outcomes. The cervico-central and lateral LNs must be assessed and documented. In practice, an ultrasound assessment of the cervico-central LNs is limited due to their location dorsally and caudally to the thyroid gland. The cervico-lateral LNs, on the other hand, are very easy to visualize. Nevertheless, Ito et al. (5) found that only 39% of the histologically diagnosed cervico-lateral LN metastases could be detected preoperatively sonographically in their patient collective.
A FNA of sonographically suspected thyroid nodules is usually recommended from a diameter of 10 mm (16) . The Japanese and Korean papers on PTMC observation (10, 11, 17) have described median tumor diameters between 5.5 and 8 mm, whose puncture requires special expertise, and large multinodal struma, especially in endemic areas Thyroid volume or adiposity per magna is likely to be difficult (5, 6, 11) .
The cytological examination of a FNA requires sufficient experience of the respective pathologist and yet cannot reliably detect subgroups such as papillary carcinoma of the follicular type. The molecular genetic detection of a BRAF (V600E) mutation can demonstrably improve the cytological diagnosis of PTMC (18) . BRAF is a human gene that encodes a protein called B-Raf. The gene is also referred to as proto-oncogene B-Raf and v-Raf murine sarcoma viral oncogene homolog B, while the protein is more formally known as serine/threonine-protein kinase B-Raf (18) . The B-Raf protein is involved in sending signals inside cells which are involved in directing cell growth. In 2002, it was shown to be faulty (mutated) in some human cancers (18, 19) . At present, researchers are working on determining the role of BRAF mutation in patients from a low-risk group and its correlations with others molecular events. Currently, BRAF mutation cannot be used as a single, independent predictive factor. However, its usefulness in the context of other molecular and clinico-pathological risk factors cannot be excluded. They may be used to make modern prognostic scales of relapse risk and be applied to individualized diagnostic and therapeutic strategy for PTMC patients. In a meta-analysis, BRAF (V600E)-positive tumors in the definitive histopathological evaluation were found to be frequently affected by multifocal carcinomas, extrathyroid tumor growth, and LN metastases (19) .
Cytologic lymphangiosis, angioinvasion or infiltration of the thyroid capsule cannot be assessed cytologically. This is only guaranteed with the greatest possible safety in the paraffin histology of the surgical specimen. Kwon et al. (6) tumor growth in 34% of the PTMC operated on the basis of size progression or on request of the patients, initially only observed.
OPERATIVE THERAPY
The purpose of the surgical society guidelines is to provide recommendations to assist primary care and other clinicians in the care of thyroid cancer. The guideline are developed through a collaboration between the societies and published jointly by invitation and consent in both surgeons, endocrinologist, pathologist, otorhinolaryngology (ENT), oncologist. The guidelines of the American Thyroid Association, Canadien, Chinese, British Thyroid Association, the Italian and German Society of Surgery suggested the use of hemithyroidectomy for the operative therapy of the PTMC ( Table 2 ).
In familial PTC, which is detected in 5% of patients with PTMC, there is an indication for thyroidectomy, as these carcinomas become more multifocal and metastasise early (17, (20) (21) (22) .
With history of previous radiation of the neck, thyroidectomy is recommended (17, (20) (21) (22) .
In the Japanese Guidelines of 2010, an observation or alternatively an operation is recommended for 'low-risk' PTMC (asymptomatic, without LN and distant metastases) (23 The indication for systematic cervico-central and -lateral LN dissection in the PTMC exists only in the case of pre-or intraoperative suspicion or proof of LN metastasis and not prophylactically (17, (20) (21) (22) (23) (24) (25) .
The frequency of cervico-lateral LN involvement in PTMC was investigated in a case-control study in 196 patients with PTMC and lateral LN metastases (pN1b) compared to 199 patients without clinical evidence of LN metastases (cN0) (26) . Also in the comparison group (cN0) a thyroidectomy and postoperative radioiodine therapy were obligatory. In 26 out of 199 (13.1%) cases primarily classified as cN0, a recurrent LN recurrence occurred (26) . Significant risk factors for LN metastasis included age <50 years, male gender, tumor localization in the cranial portions of the thyroid, and preferably sub-capsular, and sonographically detectable microcalcifications (26).
In 2,329 patients with PTMC and routinely performed thyroidectomy and cervico-central lymphadenectomy, Oh et al. (26) had a prevalence of more than 5 affected LNs in 24% of male patients under 40 compared to only 2% of women ≥40 years.
ARGUMENTATION
The prognosis of PTMC is exceptionally favorable compared to other tumor entities. A Literature review found 0.9%-5.7% local recurrences in studies with more than 250 patients published between 1999 and 2012 (26) (27) (28) . In recent publications, 0.4%-1.7% local recurrences were treated surgically (26-28).
As risk factors for a more aggressive tumor growth and thus a higher probability for a size progression, LN metastases or a local recurrence are especially for young patients, male gender, multifocal carcinomas, a BRAF V600E mutation and LN metastasis (7, 11, 20, (26) (27) (28) (29) (30) . Tumor-related deaths are reported in the literature only in 0%-0.3% (7, 11, 20, (26) (27) (28) 30) . Hay et al. (29) reported a survival rate of 99.7% after an average follow-up of 17.2 years. 85% of these 900 PTMC patients had bilateral thyroid resection and 23% had cervico-central lymphadenectomy (31) .
Thus, hemithyroidectomy, according to the guidelines of most surgical societies, is still the therapy of choice of PTMC and gives excellent results, with very low complication rates. A cure of the PTMC is only possible through surgery.
Close monitoring of PTMC as an alternative approach ('active surveillance') requires accurate diagnosis by FNA and should only be performed under well-defined and controlled conditions, provided that there are no clinical symptoms, such as: hoarseness, LN or distant metastases. About the 2 possibilities of active surveillance vs. surgery must be provided to the patient in detail, as this procedure is currently not established in Europe. At present, it is not clear which physicians should choose which discipline to carry out 'active surveillance.' In Japan, this task is performed by endocrine surgeons; in South Korea and the USA, endocrinologists are primarily responsible. Obligate must be a high volume endocrine center.
